. Table IV shows that both alloys have almost the same UTS, 0.2% YS, and elongation in the temperature range of R.T. to 76O'C; but at higher temperature (95O"C), these properties in the Hf-containing alloy are rather higher than those in the Hf-free alloy. The effect of heat treatment is not obvious in both alloys. It can be seen in Table V Figure 4 shows the results of axial tension-compression LCF tests for both alloys.
As shown, the Hf-containing alloy has a longer fatigue life. very low. After testing, the surface of the Mar-M200 specimens was rougher due to deformation than that of Mar-M200+Hf. Surface slip analysis showed that intersection of two sets of slip bands in adjacent grains occurred at the columnar grain boundary. For Mar-M200, microcracks preferentially formed (Fig. 5) . Although similar slip band intersections took place in Mar-M20O+Hf, the grain boundaries did not crack. The cracking pattern of both alloys is much different within the grains. Mar-M200 has predominantly interdendritic cracks (Fig. 6a) , but Mar-M200+Hf has interdendritic and transdendritic cracks. The latter is very flat with straight segments having some steps, as shown by the arrow in Figure 6b . It means that this kind of crack is related to crystallographic cracking caused by slip. At high strain amplitude, extensive MC cracking was observed in the Hf-free alloy during the first few cycles. The MC cracking preferentially occurs at long rod-shaped carbides perpendicular to the stress axis (Fig. 7a) . The Hf-containing alloy has higher resistance to MC cracking due to the presence of blocky carbides.
Even if some carbides crack, the crack size is very small (Fig. 7b) . Figure  6b . On the flat fracture, there are some slip bands (Fig.  8b) .
A TEM examination of thin foils taken from the fatigue specimens was carried out. The results showed that there were a lot of stacking faults caused by long distance slip in the Hf-free alloy (Fig.  9a) , but dislocations were difficult to spread into a stacking fault and prone to twining in the Mar-M200+Hf alloy (Fig.  9b) . This demonstrated that the Hf-containing alloy had more uniform deformation than the Hf-free alloy.
The effect of Zr on the LCF deformation mechanism is very similar to Hf. 
